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ORGANIC AEROGELS 



The present invention relates to organic aerogels and more specifically to 
polyisocyanate based aerogels and to methods for their preparation. 

Polyisocyanate based rigid foams such as polyurethane and polyisocyanurate 
foams are well known in the art and are used as a thermal insulation medium 
as for example in the construction of refrigerated storage devices. These 
foams are in general prepared by reacting the appropriate polyisocyanate and 
polyol in the presence of a blowing agent. The thermal insulating 
properties of rigid foams are dependent upon a number of factors including, 
for closed cell rigid foams, the cell size and the thermal conductivity of 
the contents of the cells (i.e. of the blowing agents used in the 
preparation of the foams) . 

A class of materials which has been widely used as blowing agent in the 
production of rigid polyurethane and polyisocyanurate foams is the fully 
halogenated chlorof luorocarbons . and in particular trichlorofluoromethane 
(CFC-11). The exceptionally low thermal conductivity of these blowing 
agents, and in particular of CFC-11, has enabled the preparation of rigid 
foams having very effective insulation properties. Recent concern over the 
potential of chlorofluorocarbons to cause depletion of ozone in the 
atmosphere has led to an urgent need to develop systems in which 
chlorofluorocarbon blowing agents are replaced by alternative materials 
which are environmentally acceptable and which also produce foams having the 
necessary properties for the many applications in which they are used. 

Such alternative blowing agents proposed in the prior art include 
hydrochlorof luorocarbons, hydrof luorocarbons and (cyclo)alkanes. Although 
these materials are environmentally more acceptable than chlorofluorocarbons 
(their ozone depletion potential (ODP) being less or even zero) they are 
inferior in thermal insulation. 

In view of strong demands on energy consumption and environmental 
legislation alternative polyisocyanate based insulation materials are being 
investigated . 

Evacuated insulation panels filled with open-celled rigid polyurethane foam 
is one of these options. The use of vacuum will eliminate the gas 
conductivity from the samples thus reducing the thermal conductivity of the 
sample . 

However the thermal conductivity of such an evacuated insulation panel 
rapidly increases with internal pressure increase with lapse of time owing 
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to i a. gases such as air and water vapor diffusing gradually inside the 

Aerogels are known for their super insulation properties which are due to 
the elimination of any contribution from the gas phase. These materials are 
environmental friendly since they are air filled. Moreover they are not 
subject to ageing. 

Aerogels are a unique class of ultrafine cell size, low density, open-celled 
foams. Aerogels have continuous porosity and their micros true ture with pore 
sxzes below the free mean path of air (pore sizes in the nanometer range) 
is responsible for their unusual thermal properties. 

Traditional aerogels are inorganic (for example, silica, alumina or zirconia 
aerogels) made via the hydrolysis and condensation of metal alkoxides. 

Silica aerogels have been developed as superinsulating material, for 
example, for double pane windows. Organic aerogels would be expected to 
have an even lower thermal conductivity and, thus, provide less heat loss 
in insulating applications. 

Recently, organic aerqgels have been developed. US Patents Nos 4997804 and 
4873218 describe resorcinol- formaldehyde aerogels. OS Patents Nos 5086085 
and 5081163 describe melamine- formaldehyde aerogels. 

Organic aerogels based on polyisocyanate chemistry have not been described 
hereto before. 

Therefore it is an object of the present invention to provide organic 
aerogels based on the polyisocyanate chemistry and methods for their 
preparation. 

Accordingly, the present invention provides a polyisocyanate based organic 
aerogel . 

The term "polyisocyanate based" as used herein means that the aerogel of the 
present invention can be of the following types: polyurethane aerogels, 
polyurea aerogels, polyisocyanurate aerogels, polyisocyanurate/polyurethane 
aerogels, polyallophanate aerogels, polybidentate aerogels, polybiuret 
aerogels . 

The aerogel according to the present invention has pore sizes less than or 
equal to 100 am. Generally the pore sizes are in the range i to 100 nm. 
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more generally in the range 5 to SO nm and even more generally in the range 
5 to 25 nm. 

Pore sizes can be determined visually by transmission electron microscopy 
(TEM) or by Brunauer-Emmet-Teller nitrogen adsorption (BET) or Mercury 
porosimetry. The pore size values quoted are average pore diameters as 
determined by the Micromeritics ASAP2000 version 3.0 Porosimetry System 
based on liquid nitrogen adsorption. The average pore diameter is 
calculated as 4V/A with Vacumulative pore volume per gram of material and 
A=specific surface area as determined by 5 -point BET. 

The density of the aerogel of the present invention is generally in the 
range 1 to 1000 kg/m 3 , more generally in the range 10 to 800 kg/m 3 and even 
more generally in the range 20 to 400 kg/m 3 or even 30 to 300 kg/m 3 or even 
90 to 200 kg/m 3 . 

Densities can be measured by weighing and determining the displaced volume 
of water by immersion or by weighing and measuring the geometrical volume 
of a regularly shaped sample. 

The surface area of the aerogel of the present invention is generally in 
the range 10 to 1500 m 2 /g, more generally in the range 50 to 1200 mVg and 
even more generally in the range 200 to 1000 m J /g or even 700 to 1000 ra J /g. 
Surface areas can be determined, for example, by BET. 

The organic polyisocyanate based aerogels of the present invention may be 
prepared by mixing a polyisocyanate and an isocyanate trimerisation catalyst 
in a suitable solvent and maintaining said mixture in a quiescent state for 
a sufficiently long period of time to form a polymeric gel . The gel so 
formed is then supercritically dried. 

The thus obtained aerogels are based on the polyisocyanurate chemistry 
including urethane-modif ied polyisocyanurate chemistry. 

Alternatively polyisocyanates and higher functionality isocyanate -reactive 
compounds (such as polyols and polyamines) are dissolved in a suitable 
solvent to which trimerisation and ur ethane catalysts are added. The 
mixture is kept in a quiescent state and thereafter supercritically dried. 
The thus obtained aerogels are based on the polyurethane and/or polyurea 
chemistry. 

This alternative preparation method allows a larger selection of solvents 
to be used and enhances the processing window upon gelation time and drying 
conditions . 

Polyisocyanates for use in the present methods for preparing the present 
aerogels include aliphatic, cycloaliphatic, araliphatic and aromatic 
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polyisocyanates known in the literature for use generally in the production 
of polyisocyanurate materials. , Of particular importance are aromatic 
polyisocyanates such as tolylene and diphenylmethane diisocyanate in the 
well known pure, modified and crude forms, in particular diphenylmethane 
diisocyanate (MDI) in the form of its 2,4'-, 2,2'- and 4,4' -isomers (pure 
MDI) and mixtures thereof known in the art as "crude" or polymeric MDI 
(polymethylene polyphenylene polyisocyanates) having an isocyanate 
functionality of greater than 2 and the so-called MDI variants (MDI modified 
by the introduction of urethane, allophanate, urea, biuret, carbodiimide, 
uretonimine or isocyanurate residues) . 

In case a gaseous solvent is used (such as HCFC 22) the polyisocyanate used 
in the present method for making the aerogels is preferably a so-called 
isocyanate-ended prepolymer made from a polyisocyanate and an isocyanate- 
reactive compound. Preferably the isocyanate -reactive compound for use in 
the preparation of such a prepolymer is the reaction product of an 
alkyleneoxide, such as ethyleneoxide and/or propylene oxide with a monol or 
diol. The ethyleneoxide/propyleneoxide level in such an alkoxylated monol 
or diol needs to be adjusted to the hydrophilicity of the particular solvent 
used in the aerogel preparation process, in order for the isocyanate-ended 
prepolymer to be soluble in this solvent. In case more hydrophobic solvents 
are used (such as, for example, HCFC 22, HFC 134a, dichlorodif luoromethane , 
liquid COj) preference is given to hydrophobic alkoxylated monol s or diols 
having ethyleneoxide/propyleneoxide levels of between 0:100 and 80:20, such 
as Arlamol-E available from Imperial Chemical Industries PLC. In case 
hydrophilic solvents are used (such as, for example, acetone, 2-butanone) 
preference is given to hydrophilic alkoxylated monols or diols having 
ethyleneoxide/propyleneoxide levels of between 20:80 and 80:20. 

In the particular case where hydrofluorocarbons or CO, are used as solvents 
the polyisocyanate used in the present method for making the aerogels is 
preferably a so-called isocyanate-ended prepolymer made from a 
polyisocyanate and a ' substantially f luorinated isocyanate-reactive 
compound' . 

The term ' substantially f luorinated isocyanate-reactive compound' as used 
herein is to be understood to refer to any organic compound having at least 
one isocyanate-reactive functional group in which at least 50% of those 
hydrogen atoms bonded to carbon atoms in the corresponding unf luorinated 
compound are replaced by fluorine atoms. 

Suitable substantially f luorinated isocyanate-reactive compounds for use in 
the process of the invention are those of formula (I) : 
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[H-Y- (CH,).- CZ' ),.] p -A- (Z),- (CH^-X-H (I) 
wherein n is an integer of from, l or 11; 
m is l to 11; 
p is o or l; 
q is 0 or l; 
q' is 0 or l; 



Y^is oxygen, sulphur, the group of formula or a group of formula 

-C-NR- , .so,.«. or wh ere R is hydrogen, ^ alkyl , or ^ 

fluorinated alkyl; 1 l " 

X^is oxygen, sulphur, the group of formula -L-, or a group of formula 

-C-NR' - , -50,-NR'- or -NR'-, where R- is Cl . l5 alkyl, Cl .„ fluorinated 
alkyl, hydrogen or the group of formula 
- (CH 3 )„- (Z) q -A- [(Z' ),.- (CH 2 ) B -Y-H] p ; 

0 0 

Z and Z' each independently are groups of formula -c-0- -c-NR»- 
or -SC,-NR» where R» is hydrogen, alkyl, C WJ fluorinated alkyl or the 

group of formula - (CH 2 ) n -A- [ (CH,) 0 -Y-H] p or the group of formula 
-R"'-Y-H where R' " is alkylene; 

and either 

(i) when p is 0, A is a substantially fluorinated or perf luorinated 
straight or branched chain alkyl group containing from 2 to 10 carbon 
atoms ; 

or 

(ii) when p is 1, A is a substantially fluorinated or perf luorinated, 
straight or branched chain alkylene group containing from 2 to 10 
carbon atoms. 

One group of preferred substantially fluorinated isocyanate-reactive 
compounds for use in the process of the invention are those of formula (I) 
as defined above wherein X and Y are both oxygen, and A, Z, Z' , n, m, p, q 
and g' have any of the meanings given above. Preferably p is 0. 

Particularly preferred substantially fluorinated isocyanate-reactive 
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compounds for use in the process of the invention are those of formula (II) 
A-(CH J ) n -0H (II) 



wherein A is a substantially fluorinated or perf luorinated, straight or 
branched chain alkyl group containing from 2 to 10 carbon atoms and n is l 
to 11. Particular mention may be made of those compounds of Formula (II) 
wherein n is 1 or 2 and A is perf luorinated Cj. ia/ straight or branched chain 
alkyl, such as (perf luoropropyl ) methanol , (perf luorobutyl ) methanol , 
(perfluoropentyl) methanol, (perfluorohexyl) methanol , 
(perfluoroheptyl) methanol, (perfluorooctyl) methanol, 

(perf luorononyl ) methanol , (perf luoroethyl ) ethanol , (perf luoropropyl ) ethanol , 
(perf luorobutyl ) ethanol , (perfluoropentyl ) ethanol , (perfluorohexyl ) ethanol , 
(perfluoroheptyl) ethanol and (perf luorooctyl) ethanol . 

Another particular mention may be made of those compounds of formula (II) 
wherein n is 1 or 2 and A is a substantial fluorinated straight or branched 
chain alkyl such as 1H, 1H, 7H dodecafluoro 1-heptanol, tetraf luoropropanol , 
dodecaf luoroheptanol , octaf luoropentanol , hexadecaf luorononanol , 1H.1H- 
perf luorooctanol , bexaf luoropropanol . 

Another particularly preferred group of substantially fluorinated 
isocyanate-reactive compounds for use in the process of the invention are 
those of formula (III) 

A-SO,-N-(CH 2 )„-OH (III) 
R" 

wherein A is a substantially fluorinated or perf luorinated, straight or 
branched chain alkyl group containing from 2 to 10 carbon atoms, n is l to 
11 

and R" is hydrogen or a Cj.,3 alkyl or R'"-OH wherein R' ' ' is Cj,. 12 alkylene. 
Particular mention may be made of those compounds of formula (III) wherein 
n is 1 or 2 and A is perf luorinated C t _, straight or branched chain alkyl and 
R" is hydrogen or C^, alkyl or R' ' ' -OH wherein R' " is C ll( alkylene such as 
N-ethyl-N-2 -hydroxyethylperf luorooctane sulfonamide, N-methyl-N-2- 
hydroxyethylperf luorooctane sulfonamide, N- propyl - N - 2 - 
hydroxyethylperf luorooctane sulfonamide , N- 2 - hydroxyethylperf luorooctane 
sulfonamide, N- ethyl -N- 2 -hydroxymethylperf luorooctane sulfonamide, N-methyl- 
N- 2 -hydroxyraethyl -perf luorooctane sulfonamide, N-propyl-N-2-hydroxymethyl- 
perf luorooctane sulfonamide, N-2-hydroxymethylperf luorooctane sulfonamide, 
N-methyl-N-2-hydroxyethylperfluorohexane sulfonamide and bis-N-2- 
hydroxyethyl- perf luorooctane sulfonamide. 
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Suitable organic polyisocyanates with which the substantially fluorinated 
isocyanate-reactive compound (s) may be reacted to form the polyisocyanate 
composition for use in the process of the invention include any of those 
known in the art for the preparation of rigid polyurethane or urethane- 
modified polyisocyanurate foams, and in particular the aromatic 
polyisocyanates such as diphenylmethane diisocyanate in the form of its 
2,4'-, 2,2'- and 4,4' -isomers and mixtures thereof, the mixtures of 
diphenylmethane diisocyanates (MDI) and oligomers thereof known in the art 
as "crude" or polymeric MDI (polymethylene polyphenylene polyisocyanates) 
having an isocyanate functionality of greater than 2, toluene diisocyanate 
in the form of its 2,4- and 2, 6- isomers and mixtures thereof, 1,5- 
naphthalene diisocyanate and 1, 4-diisocyanatobenzene. Other organic 
polyisocyanates which may be mentioned include the aliphatic diisocyanates 
such as isophorone diisocyanate, 1, S-diisocyanatohexane and 4,4'- 
diisocyanatodicyclohexylmethane. 

The isocyanate ended prepolymers used in the process of the present 
invention may be conveniently prepared by addition of a particular 
substantially fluorinated isocyanate-reactive compound to the organic 
polyisocyanate or by addition of a mixture of several different 
substantially fluorinated isocyanate-reactive compounds to the organic 
polyisocyanate, for example under the conditions well known in the art for 
the preparation of isocyanate-ended prepolymers. Suitably, the addition is 
performed at an elevated temperature in the range from 50°C to 100 8 C with 
thorough mixing of the components, and mixing continued at the elevated 
temperature until substantially all of the isocyanate-reactive compound has 
reacted with the organic polyisocyanate. Suitably the substantially 
fluorinated isocyanate-reactive compound (s) is (are) added in an amount in 
the range from 0.02 to 80 % preferably 0.1 to 50 % by weight based on the 
weight of organic polyisocyanate. 

In order to improve the stability of the polyisocyanate compositions used 
in the process of the present invention, it is advantageous to use the 
allophanate variant of the obtained fluorinated isocyanate-ended prepolymer . 
This allophanate variant can be prepared by reaction of the obtained 
fluorinated isocyanate-ended prepolymer with the organic polyisocyanate 
itself in the presence of a suitable catalyst. 

Another method for improving the stability of the polyisocyanate 
compositions used in the process of the present invention is to use so- 
called mixed prepolymers obtained by reaction of organic polyisocyanate with 
a mixture of two or more different substantially fluorinated isocyanate- 
reactive compounds. Allophanate variants of these mixed prepolymers can 
also be used. Examples of such preferred mixed prepolymers include 
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prepolymers derived from N-ethyl, N-2-hydroxyethylperf luorooctane 
sulfonamide and N-methyl-N-2-hydroxyethyl perf luorooctane sulfonamide in 
ratios varying from 10:1 to 1:10 and preferably from 5:5 to 1:9, prepolymers 
derived from (perfluorohexyl) (m)ethanol and N-ethyl- or N-methyl-N-2- 
hydroxyethylperf luorooctane sulfonamide in ratios varying from 10:1 to 1:10, 
preferably about 1:1. 

The polyisocyanate composition for use in the process of the present 
invention may comprise only one type of said reaction product or may 
comprise different types of said reaction product derived from different 
substantially fluorinated isocyanate- reactive compounds and/or different 
polyisocyanates . 

The polyisocyanate for use in the present methods for preparing the present 
aerogels is used in amounts ranging from 0.5 to 30 % by weight, preferably 
from 2 to 20 % by weight and more preferably from 3 to 10 % by weight based 
on the total reaction mixture. 

Higher functionality isocyanate-reactive compounds for use in the present 
preparation methods include reaction products of alkylene oxides, for 
example ethyleneoxide and/or propylene oxide, with initiators containing from 
2 to 8 active hydrogen atoms per molecule. The obtained reaction products 
preferably have average hydroxyl numbers of from 300 to 1000, especially 
from 700 to 1000 mg KOH/g, and hydroxyl functionalities of from 2 to 8, 
especially from 3 to 6. Suitable initiators include: polyols, for example, 
water, glycerol, monoethyleneglycol , diethyl eneglycol , trimethylolpropane, 
triethanolamine, pentaerythritol , recorsinol, catechol, sorbitol and 
sucrose; polyamines, for example ethylene diamine, tolylene diamine, 
melamine, 1, 2, 3-triaminobenzene, 1,3,4-triaminobenzene, diethylenetriaraine, 
tetraethylene pentamine, pentaethylene hexamine, diaminodiphenylmethane and 
polymethylene polyphenylene polyamines; and aminoalcohols , for example 
ethanolamine , diethanolamine and triethanolamine; and mixtures of such 
initiators . 

Preferred higher functionality isocyanate-reactive compounds for use in the 
present preparation methods include ethoxylated/propoxylated ethylene 
diamines . 

The polyfunctional isocyanate-reactive compound, when present, is used in 
amounts ranging from 1 to 60 t, preferably from 5 to 30- % by weight based 
on the polyisocyanate amount. 

The polyisocyanate and higher functionality isocyanate-reactive compound are 
reacted at isocyanate indices varying between 100 and 600, preferably at an 
index of about 400. 
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Trimerisation catalysts for use in the present preparation methods include 
any isocyanate trimerisation catalyst known in the art such as quaternary 
ammonium hydroxides, alkali metal and alkaline earth metal hydroxides 
alkoxides and carboxylates , for example potassium acetate and potassium 2- 
ethylhexoate, certain tertiary amines and non-basic metal carboxylates for 
example lead octoate, and symmetrical triazine derivatives. Especially the 
triazine derivatives are preferred. Specific preferred trimerisation 
catalysts for use in the present method are Polycat 41 available from Abbott 
Laboratories, and DABCO TOR, TMR-2 and TMR-4 available from Air Products. 

Urethane catalysts for use in the present preparation methods include any 
of those catalysts known in the art to promote urethane and/or urea 
reaction. Suitable urethane catalysts include aliphatic and aromatic 
tertiary amines such as N,N-dimethylcyclohexylamine, organometallic 
compounds, especially tin compounds such as stannous octoate and dibutyltin 
dilaurate, alkali metal salts. Preferred urethane catalysts include 
Catalyst SFC, Catalyst SFB (both available from Imperial Chemical 
Industries) and Niax Al (available from Union Carbide) . 

Mixtures of trimerisation catalysts and urethane catalysts can be used in 
any combination. The composition of the catalyst package will depend on the 
desired reaction profile. The weight ratio urethane catalyst/trimerisation 
catalyst varies between 0 and 2:1. 

The polyisocyanate/total catalyst weight ratio varies between 5 and 1000. 
The preferred polyisocyanate/catalyst weight ratio depends on the amount of 
polyisocyanate used, the reaction/cure temperature, the solvent used, 
additives used (such as polyfunctional polyols) . 

As a matter of (non-exhaustive) example the following rules apply. At 
polyisocyanate levels of about 20 % by weight based on the total reaction 
mixture the preferred polyisocyanate/catalyst weight ratio is higher than 
600 and preferably between 700 and 800; at polyisocyanate levels of about 
15 % by weight based on the total reaction mixture said ratio is between 
400 and 700 and preferably between 500 and 650; at polyisocyanate levels of 
about 10 % by weight based on the total reaction mixture said ratio is 
between 350 and 550 and preferably between 400 and 500 and at low 
polyisocyanate levels (about 5 % by weight based on the total reaction 
mixture) said ratio is between 50 and 450 and preferably between 100 and 
350. In case prepolymers of polyisocyanate and isocyanate- reactive 
compounds are used together with gaseous solvents these preferred 
polyisocyanate/catalyst ratios vary between 100 and 400 for about 20 wt% 
polyisocyanate, between 50 and 200 for about 15 wt% polyisocyanate and 
between 10 and 100 (preferably between 30 and 60) for about 10 wt% 
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polyisocyanate . 



The solvent to be used in the preparation methods according to the present 
invention should be a solvent for the monomeric (non-reacted, polyisocyanate 

\ S k" P ° lymeriC (r6aCted> ^-ocv—t.. The solvent power 

should be such as to form a homogeneous solution of non-reacted compounds 
and to dissolve the reaction product or at least prevent flocculation of the 

^ C ^°lT dUCt , S ° 1VentS With 3 5 HtoM » Parameter between xo 

* 11 Tl' Prefer3bly bStWeen 15 Md 30 »»••. —t preferably between 18 
and 26 MPa* are most suitable. Further the critical pressure and critical 
temperature of the solvent should be as low as possible so as to simplify 
the critical drying step. 

Suitable solvents for use in the method according to the present invention 
xnclude hydrocarbons, dialkyl ethers, cyclic ethers, ketones, alkyl 
alkanoates aliphatic and cycloaliphatic hydrof luorocarbons , 
hydrochlorof luorocarbons , chlorof luorocarbons , hydrochlorocarbons , 
halogenated aromatics and fluorine-containing ethers. Mixtures of such 
compounds can also be used. 

Suitable hydrocarbon solvents include lower aliphatic or cyclic hydrocarbons 
such as n-pentane, isopentane, cyclopentane , neopentane, hexane and 
cyclohexane. 

Suitable dialkyl ethers to be used as solvent include compounds having from 
2 to 6 carbon atoms. As examples of suitable ethers there may be mentioned 
damethyl ether, methyl ethyl ether, diethyl ether, methyl propyl ether 
methyl isopropyl ether, ethyl propyl ether, ethyl isopropyl ether, dipropyi 
ether, propyl isopropyl ether, diisopropyl ether, methyl butyl ether, methyl 
isobutyl ether, methyl t-butyl ether, ethyl butyl ether, ethyl isobutyl 
ether and ethyl t- butyl ether. 

Suitable cyclic ethers include tetrahydrof uran . 

Suitable dialkyl ketones to be used as solvent include acetone and methyl 
ethyl ketone. 

Suitable alkyl alkanoates which may be used as solvent include methyl 
formate, methyl acetate, ethyl formate and ethyl acetate. 

Suitable hydrofluorocarbons which may be used as solvent include lower 
hydrof luoroalkanes, for example difluoromethane, 1, 2-difluoroethane, 
1,1,1,4,4,4- hexafluorobutane, pentaf luoroethane , 1,1, 1,2- 
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tetrafluoroethane, 1125 

tetrafluoropropane and p^^™^ r ° ethane ' ™— ane. 
Suitable hydrochlorofluorocarbons which may be uaed 

chlorodifluoromethane. 1, l-dichloro-2 2 2- L fl " ^ inClUde 

1-fluoroethane, 1-chloro 1 1 t««uoroeth«ne, 1,1-dichloro- 

-^^rr:^ — a. ^ 

Suitable chlorofluorocarbons which may be used as , 
trichlorofluoromethane, dichlorodif luorolthane £ le « 

and tetrafluorodichloroethane. orometQa *e, t"chlorotrifluoroethane 

Suitable hydrochlorocarbons which may be u Bt >* * 

2-chloropropane and dichloromethane " - d 

SSS^^T""' - 3r0matiCS -ochloroben 2 ene and 

nuoromethyl ether' ' me^' ^1^^' ^ 

ether, fluoromethyl difluoromethvl et h^ fluoromethyl ) 

bis- (fluoromethyl, ether Tr 2 t rif l diflUOromet ^ 
pentafluoroethyl trifiuoLethv; I " ^ difl — ^hyl ether, 

ether, 1 x 2 2 trXflUOr 7 eth y 1 eth «- Pentafluoroethyl di fluoromethyl 

,:L ' 2 ' 2 " tet «fluoroethyl difluoromethyl ether 1 2 2 ■> 
tetrafluoroethyl fluoromethyl ether 122^*1 ' ' 1 ' 2 »2,2- 

ether, 1, l-dif luoroethyl methyl ^ber x x x ^f^ 1 d " l *>~** 
fluoromethyl ether. LLl.3,3, 3-hexaf luoroprop- 2 -yl 

Preferred solvents for use in the method according to the nres*^ ■ 
are dichloromethane, methyl ethvl >l invention 
.onochlorobenzene, trichlorofluo" omethtl (CPC tT^o^T^^ 
(-PC 22,, l,l,i-trifluoro- 2 - fluoroethall <„tc 3 Z 'TZZ^ 
1-fluoroethane (HCC Kxb, and mixtures thereof S uch 

Another suitable solvent is l ig u id carboadioxide (CO, Li ouid 
carbond.oxide may be used under various pressures (above ,3 bar at ao -c ^d 
temperatures. Also sub- or supercritical carbondioxide can be used as a 
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in case liquid carbondioxide is used as solvent it has shown to be an 
advantage to use as polyisocyanate in the preparation of the present 
aerogels a fluorinated isocyanate-ended prepolyw made f rom a 
polyisocyanate and a fluorinated isocyanate-reactive compound such as a 
fluorinated monol or diol. 

The polyisocyanate. the catalyst (s, , the solvent and optionally the higher 
functionality isocyanate-reactive compound are mixed by singly shaking the 
reaction vessel or by slowly stirring the mixture. AlTernatlTely the 
polyxsocyanate, the solvent and optionally the higher functional^ 
isocyanate-reactive compound are first mixed and subsequently thl 
catalyst (s) are added hereto (in any suitable order,. Some cLlylt ^ 
also be added after the gelling for enhancing post-cure 

Mixing can be done at room temperature or at somewhat higher temperatures. 

in case of low boiling solvents (boiling point below room temperature) for 
example HCPC 22, the solvent is added under its own vapour pressure or at 
cl C Ilvs S t1 s r eS r eS ^ 3 Pr68SUre V6SSel COntai *-* the polyisocyanate. the 
cXZT OPtl ° nally ^ high6r fU ™>^ isocyanate-reactive 

Thereafter the mixture is left standing for a certain period of time to form 
a polymeric gel. This time period varies from X minute to several JeeZ 
depending on the system and the targeted void size and density 
Temperatures in the range of from about 2 0 o C to about 50-c, preferably 40 

point f 7 be i empl ° yed ' a ^"ture of about ICC below the boiling 
point of the solvent used being preferred. 

in the case of low boiling solvents such as HCFC 22 the pressure in the 
closed vessel is maintained at its saturated vapour pressure or at nigher 

ZllZZr* th \ gelati ° n reaCti ° n ±S Carri6d ° Ut 3t temperatures 
(preferably m the range 30 to 50o C , . At th ese elevated reaction 
temperatures DABCO TMR is the preferred trimerisation catalyst. 

Although the mixture gels within a few hours, it has been found to be 
advantageous to cure the gels for a minimum of 24 hours so as to obtain a 
solid gel that can be easily handled in subsequent processing 
A postcure cycle at elevated temperatures can be included. 

The small cell sizes of the obtained gels necessitates supercritical drying 
Large capillary forces at the liquid-vapor interface cause the gel to shrink 
or crack if the solvent is removed by evaporation. m the case of 
supercritical drying no surface tension is exerted across the pores, and the 
dry aerogel retains the original morphology of the gel . 
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Supercritical drying of the obtained aeroaels of t-h. 

::::r rr* the ~ * 

vessel and broking the vessel to a pressure above the critical pressured 
the solvent (for example by filling with nitrogen gas) ^^T^ 
vessel is then heated above the critical temperature of the so" nt If £ 
a few hours the pressure is slowly released from the vessel while kel^ 
a constant temperature. At atmospheric pressure and after a cool dZ 
perxod the aerogel is removed from the vessel. 

The foams are higher in density than their theoretical values because of 
shrxnkage during the drying step. because of 

suitable Jor supercntxcal dryia,, for example li^id carbodioxide 

a ^»d y / " — ' - =r via Cd 

carbondioxxde containing modifiers. 

An advantage of the aerogels and their preparation method according to the 
present invention is that such an solvent exchange step is tot a 

ZtZ^ T ° r9aniC ^ in ° r9aniC aer ° 9elS ^ ba -d on a^eoul 

systems always need at least two solvent exchange steps before they Zn be 
supercritically dried. 

The so obtained aerogels showed an openly porous structure with cell sises 
less than 100 nm. es 

Potential applications for the present aerogels include, but are not limited 
to uses as thermal insulators in e.g. refrigerators and construction, 
catalyst supports, permselective membranes, gas filters in chemical 
processing chromatographic packings, sensors, lenses, solar collectors and 
impedance matching devices. Future applications could include lightweight 
insulative clothing, f ire-retardant architectural materials, high resolution 
sonic detectors, autofocus cameras, dielectric spacer material for 
electronics and magnetics, acoustic and thermal absorbers for packaging 
valuable temperature- sensitive products, components for use in Cerenkov 
detectors, components for use in high energy physics, or as parts for 
inertial confinement fusion targets. The present aerogels, when ground can 
be used as filler in evacuated insulation panels. 

A carbonisation step can be included after the supercritical drying step 
resulting in a carbon aerogel especially suited for use in capacitors 
The present invention is illustrated but not limited by the following 
examples . 
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Example l 



— subsem ^rr: r st r^nor tain D ;r oromethane was 

(20 wt % Suprasec DNR) . catalyst PolvIIt I , ^eneous blend 

-0™ was added by 7^j^ ( x^ 

of a vibrating needle belter The " " T"" 6 ^ f ° ll0Wed ^ ™™ 
m^nc er< The rea ctxon exotherm was followed bv 

means of an xmmersed thermocouple in the centre of the solution The 
geltime (point at which the viscosity reaches half 0 f ^ • ° n ' The 
was 73 minutes and the maximum reaction Te^t Je « ™ 

v^ls° bta d ned " S SUPerCritiCa11 ^ The gel was transferred in 

vxals and pressurised at room temperature using nitrogen gas. After 
attaining a pressure of 70 bar the temperature of the oven which cental 
the vessel was increased to a temperature of 2S0-C Z Ti 
continuously flushed for two hours with nitrogen Lping p" ssurl Z 

IZriZ' r" 311 " Pr6SSUre WM Sl ° Wly ^ ^e vessel 

until atmospheric conditions were reached while keeping a constant 

temperature. After the cool down period US minutes, the Led aerobe 1 1 

removed from the vessel. 981 was 

The obtained gel was transparent and had an orange yellow colour 
Density of the obtained gel was 800 kg/m 1 . 

The obtained gel was characterised by means of transmission electron 
necroscopy (TEM) and Brunauer-Emmet-Teller nitrogen adsorption (BET, 
measurements. v A ' 

BET measurements on the aerogel revealed a specific area of 15 m'/g 

TEM photographs indicated a feature size of 50 nm (see figures l and 2, . 

Example 2 

A known amount of polymeric MDI (Suprasec DNR available from Imperial 

adI!f a V n<1UStr i ieS> W6i9hed int ° ° PSn ° UP - °-nloromethane was 

added subsequently and the mixture was stirred to obtain a homogeneous blend 

(10 wt % suprasec DNR) . catalyst Polycat 41 (available from Abbott 
Laboratories, was added by means of a microliter syringe (weight ratio 
polyxsocyanate/catalyst 400) . The reaction proceeded at room temperatures 
in closed cups. After about 8 hours a gel was formed which was ali owed to 
stand for about 24 hours. 
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The obtained gel was supercritically dried. The gel was transferred in 
pressure vials, f lusne d with liquid cq, at anient temperature 2 Tat a 
pressure of 90 to 95 bar for 30 minutes, left in the Uquid co Tt 2 S t! 
tC " d 95 b " f ~ 30 "*»*•• and again flushed with liqJI co ^ t ' 0 . c 

while kee P1 ng the pressure constant at 90 to 95 bar The 0< o ! 

flushed with the supercritical CO. for 3 hours The D J 

„„„„ , , t * J nours. The pressure was slowlv 

released fro. the vessel (over 1 hour, until atmospheric conditions were 

thetied T" 9 3 »"r the cool d-T^£ 

the dried aerogel was removed from the vessel. 

A white opaque aerogel was obtained having a density of 350 kg/m> 

BET measurements on the aerogel revealed a specific area of 21 0 m V g and an 

average pore diameter in desorption mode of 18 nm. 

Example 3 

TsoIveTt 1 WaS h PrePar6d al ° n * lineS - example 2 but including 

a solvent exchange to acetone prior to the supercritical drying step ThI 
so vent was exchanged in five times over 5 days and theTel turned from 
yellow transparent into white opaque. 

A white opaque aerogel was obtained having a density of 350 kg/m> 

BET measurements on the aerogel revealed a specific area of 380 mVg and an 

average pore diameter in desorption mode of 20 nm. 

Example a. 

A known amount of polymeric polyisocyanate (STJPRASEC X2185 available from 
imperial Chemical Industries) was put into a reaction vessel 

Dichloromethane was added hereto until a blend of 3 % by weight of 

polyisocyanate in dichloromethane was obtained. The catalyst DABCO TMR 
(available from Air Products) was added so as to achieve a weight ratio of 

polyisocyanate/catalyst of 50. The vessel was closed and the mixture was 

stirred with a magnetic stirrer. 

The closed vessel was placed in an oven at 45-0. After one hour a solid gel 
was formed. The vessel was left at 45»C for 9 days. 

After this cure time the dichloromethane was exchanged for acetone via 
several addition/removal cycles. Once the acetone fraction was free from 
dichloromethane the sample was flushed with liquid carbondioxide at ambient 
temperature and pressures of 90 to 95 bar for 30 minutes. The sample was 
left emersed in liquid carbondioxide for 30 minutes after which the flushing 
with liquid carbondioxide was continued for another 30 minutes. 
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The temperature was increased to 50-c while maintaining a pressure of 90 bar 
and flushed with supercritical . carbondioxide for 3 hours 
After this flushing the pressure was slowly released to atmospheric and the 
sample was allowed to cool. 

A white opaque aerogel was obtained having a density of 140 to 180 kg/m> 
a specific surface area of 900 mVg and an average pore diameter of 7.5 nm.' 

Example 5 



Polymeric polyisocyanate (SUPRASEC X2185 available from Imperial Chemical 
industries) was weighed into a pressure vessel. DABCO TMR (available from 
Axr Products) was added at a polyisocyanate/catalyst level of so and 
dichloromethane until a blend of 3 % by weight of polyisocyanate in 
dicnloromethane was obtained. 

The vessel was closed, the mixture stirred and put in an oven at 40-45o C in 
a quiescent state for 7 days followed by a 7 days cure time at room 
temperature . 

The dicnloromethane was exchanged under pressure for liquid carbondioxide 
at a pressure of 90 bar and a temperature of 25«c. 

After this solvent exchange the temperature was increased to 85 » C while 
maintaining a constant pressure. The vessel was flushed with supercritical 
carbondioxide for 30 minutes after which the pressure and temperature were 
slowly released to ambient conditions. 

The obtained opaque aerogel had a density of 200 kg/m', a specific surface 
area of 800-850 m J /g and an average pore diameter of 6-8 nm. 
Figure 3 shows the thermal conductivity (lambda value at l0«c in mW/m'K) as 
a function of pressure (in mbar) for the obtained aerogels ground to a 
coarse powder of 100 to 200 micron particle size. The same aerogel ground 
to a powder of 10 to 20 micron particle size gives a lambda versus pressure 
performance as shown in figure 4. 

Example 6 

A prepolymer was made from SUPRASEC X2185 (available from Imperial Chemical 
industries) and an alkoxylated monol derived from methanol having an 
ethyleneoxide/propyleneoxide content of 15/85, a molecular weight of 600 and 
a hydroxyl value of 94 mg KOH/g . The NCO value of the obtained prepolymer 
was 15.8 %. f 

A known amount of this prepolymer was weighed into a pressure vessel equiped 
with a magnetic stirrer. A mixture of Polycat 41 (available from Air 
Products) and HCFC 22 (0.75 ml catalyst/50 g HCFC 22) was added to the 
prepolymer until a 10 % solution of prepolymer in HCPC 22 was obtained. The 
polyisocyanate/catalyst ratio was 20. 
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The mixture was vigorously stirred for 20 minutes an n i.-- • 

state for 5 days at room temperature. ^ " * 

After the cure period HCPC 22 was added to the vessel m 

40 bar. The temperature was slowly increased to X20o C wile °* 

.naximum pressure of 80 bar. This situation was kep Vf or 3 o * 

which the pressure was released slowly and ^ £ 

vessel was flushed with nitrogen at the set pressure The T 

slowly released till atmospheric after which Je sa^ JTjZ?Z~ 

oT 4 8 0b mVr d ° PaqUS aSr0gel ^ 3 ° f " 0 W ~ * 



Example 7 



LL1 0XyPr ° Pylated 6thylene diami - and 8 g of SUPRASEC X2185 (available 
To Lrjxf \ IndUStrieS> W6re m±Xed With 90 * ° f ^hloromethane 

ir: a \™ r:;, a ed 0,1 * of cataiyst sfc <™ e ~ 

The reaction mixture was stirred vigorously for i minute and then left in 
a quiescent state at 45*0. After 20 hours 0.005 ml of OABCO TMR Available 
from Air Products, was added to enhance post cure reaction 

usin7L7° US T" 1 " 0 "* 961 WM -s supercritically dried 

using the procedure described in example 5 above 

The resulting aerogel had a density of 427 kg/m> and an average pore 
diameter of 18.5 nm with a specific surface area of 266 m V g. 

Example B 

The experiment described in example 7 above was repeated using i a of 
oxypropylated ethylene diamine, 0.075 ml Catalyst SFC and 0.025 ml Polycat 

After 8 hours at 4 5 o C a homogeneous gel was formed which was allowed to cure 
at room temperature for 2 days. 

After supercritical drying a transparent aerogel with a specific surface 
area of 445 mVg, a density of 398 kg/m> and a pore size of 10.9 nm was 
obtained. 

Example 9 

Example 8 was repeated using only 0.075 ml Catalyst SFC as catalyst After 
4 hours at 45o C 0.025 ml of DABCO TMR was added additionally. 
A homogeneous solid gel was obtained after l hour at 45°C. 
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Example m 



0.6 g oxypropylated ethylene diamine 97 CT mm 

suprasec (available from ^^r:;::^; r e 2 - 4 s d of 

a pressure vessel. 0.3 ml of Catalyst SFC (available frl r , " 

Industries) was added hereto. liable *rom Imperial Chemical 

The vessel was closed and heated to 45 °c f„r -> w~, 

available from Air Products, was £1 Z^^ZIZ " 
A .olid opaque gel was formed after 90 minutes. 

Example 

A solid opaque aerogel was formed after 24 hours. 
Example 12 

« UvaU^T ° t ^ mSK X218S — ^ "-hyl ethyl Ketone. DABCO 
TOR (available from Air Products) was adrfoH =*- » ■ 

ratio o £ 3.0. « white gal _ 

This gei was solvent exchanged for liquid crbondioxid. at 90 bar and roc 

ThTres'ulT T" — «-* « "—tlHrtL^ 

=f =6 »/ g . The aerogel had a powdery structure with an avera.e 
interstitial pore .1*. Measured via BET) of „. 3 



Example 13 



Example 12 was repeated in tetrahydrofuran as solvent using Polycat 41 at 
a polyisocyanate/catalyst ratio of 100. 

0 T f \IT^T 9 aero9el a density of 175 " ad a specif ic surf ace 



Example 14 



Example 13 was repeated in monochlorobenzene as solvent 

The reaction profile was slow and after 48 hours a translucent gel was 
formed. 



IT.ir^* 9 3er09el ^ " dSnSity ° f 284 •■•P-c«ie surface area 

or 398 mVg and a pore size of 10.2 nm. 
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Example m 



4 g of SOTRASEC X2185 is dissolved in 96 g of THF Tn . 
of Polycat 41 is added. The fixture is sti rred aTlef t in 

until a sol-gel is obtained. The sol-eel Z l \ * Quiescent state 

and subsequently «^tlc^ y ^.".^ZLT^T ^ °* 

and a pressure of more than 73 bar 1 * 'Mature of more than 32*C 

density of 70 kg/m', . specifi l ^"J^T^X* ^ 3 
size of 10 am. n> /g and an average pore 



Example 16 



g or tH,ci-. To this mixture 3.6 g of SUPRASFr v5-.dc /. • , 
minutes after which it is left <t, = ~ • M tor 5 

, . Arter complete solvent exchanae the 

sol-gel ls .^critically dried .t , te.per.tur. of more than T^LTl 

ST™-" " * 1— aere^ . L1V 



Example 17 



20 g of SUPRASEC X2185 (available from imperial Oaemical Industries) are 
charged in a pressure vessel. The vessel is closed after nitrogen blanket^ 

t:zt: € poly r Mi is brought *** ^ of™:::: 9 

emptvL th mder VaP ° Ur Pre8SUre ^ the vessel 

emptying the inaction loop in the mean time. The mixture is stirred for 30 

minutes after which the reactor is left in a descent state for x day 
room temperature. r 

anTtTftV 1113 time 70 9 ° f C ° J a " Char5ed int ° ^ P^ssure vessel 

and the temperature is increased above the supercritical temperature of C0 3 
(32 c) . The pressure inside the vessel is allowed to build up and kept 
constant or at least 30 minutes. !n the next phase the pressure is slowly 

dowTt r V6SSel " 3 C ° nStant vessel is cooled 

^sTd! \l temperature after atmospheric conditions have been reached 

inside the pressure vessel. 

A solid opaque microporous material with a density of 280 kg/m> is obtained. 
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Example 18 

Example 5 was repeated using Sl *RASEC X2471 (i % by weight of pluorad pc 

ZlT^lnZ <F1UOrad iS 3 ° f 3M) - "* >* ^ 

X2185 available from ICI PLC) instead of SUPRASEC X2185 

An opaque sol-gel was formed which after supercritical drying resulted in 
an opaque aerogel with a density of 183 kg/m > a specif ic ^ area d » 
m /g and an average pore size of 9.6 mm. 

Example 19 

Ex^ple 5 «. «p.«od u»ing the reaction product of 1% by weight la oh 7H 
available from ICI PLC instead of SUPRASEC X2185 

An opaque sol-gel was formed which after supercritical drying resulted in 
» ^ opaque aerogel with a density of 174 kg/m> a specific surface area of 836 
m /g and an average pore size of 9.1 mm. 
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CLAIMS . 



1. Polyisocyanate based organic aerogel. 

^ " t0 Cl3im 1 ^ «™ or egual to 

3 - Aerogel according to claim 2 having pore sizes in the range 

4- Aerogel according to claim i, 2 or 3 having densities in the 
range l to 1000 kg/m J . " ies ln the 

5. Aerogel according to claim 4 having densities in the range 20 to 400 

6. Aerogel according to any one of the preceding claims having surface 
areas in the range 10 to 1500 m'/g. surface 

? " 10o7mVg aCC ° rdin9 t0 Claim 6 ^ ^ ^ ^ 200 t0 

8 . Method for preparing an aerogel as defined in any one of the preceding 
claims comprising the steps of v g 

a, mixing an organic polyisocyanate and an isocyanate trimerisation 
catalyst in a suitable solvent, 

b> °f ntainin * mature i» a quiescent state for a sufficiently 

long period of time to form a polymeric gel, and 
c) supercritically drying the obtained gel. 

9. Method according to claim 8 wherein the organic polyisocyanate is 
dxphenylmethane diisocyanate or polymethylene polyphenylene 
polyisocyanate or an isocyanate -ended prepolymer. 

10. Method according to claim 8 or 9 wherein the organic polyisocyanate is 
used xn amounts ranging from 0.5 to 30 % by weight based on the total 
reaction mixture. 

■11. Method according to any one of claims 8 to 10- wherein a higher 
functionality isocyanate-reactive compound and a urethane catalyst are 
nuxed together with the other ingredients in step a) . 

12. Method according to any one of claim 11 wherein the higher 
functionality isocyanate-reactive compound is the reaction product of 
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13 . Method according to clai m i 2 wherein the initiator is ethylene diamine . 

14. Method according to any one of claims 11 to 13 wherein the higher 
funct.onal.ty isocyanate- reactive confound is used in amounts var^n! 
between 1 and 60 % by weight based on the polyisocyanate . 

15. Method according to any one of claims 8 to 14 wherein the isocyanate 
tnmerasation catalyst is a triazine derivative. "ocyanate 

16. Method according to any one of claims li to 15 wherein the urethane 
catalyst is a tertiary amine. uretnane 

17. Method according to any one of claims 8 to 16 wherein the 
polyisocyanate/catalyst weight ratio is between 5 and 1000. 

18. Method according to any one of claims 8 to 17 wherein the solvent is 
dxchloromethane . 

19. Method according to any one of claims 8 to 18 wherein the solvent is 
exchanged prior to supercritically drying the gel . 

20. Method according to claim 19 wherein the solvent is exchanged into 
liquid carbondioxide. 
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